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Obstructive tonsils became currently the most common cause of tonsillectomy in children. To decrease the postoperative discomfort, tonsillar reduction (also known as partial tonsillectomy, intracapsular tonsillectomy or tonsillotomy) was revived in 2002 by Koltai and gained the interest of both physicians and parents. The immunological benefit of this technique remains unknown (1) .
We conducted this pilot study to look at the effect of partial tonsillectomy on serum immunoglobulins (Ig) A, G and M, on salivary (S) IgA levels (short-term) and on the susceptibility to infections (long-term). The results were compared to those of total tonsillectomy. A systematic review of the English literature was undertaken regarding the effect of tonsillar surgery on the humoral immune system in children.
Objectives
The aim of this study was to compare the changes in serum and saliva immunoglobulin (Ig) levels after total vs. partial tonsillectomy and also to systematically review the literature regarding the changes in humoral immunity following tonsillar surgery.
Patients and Methods

Patients
Children with obstructive tonsils were randomized to undergo either partial or total tonsillectomy after consent was obtained from the parents or legal guardians. The parents chose the procedure for their children after going through the details of both techniques. The study was approved by the institutional review board of the American University of Beirut. Children with a history of recurrent tonsillitis, immunodeficiency, chronic infections, or receiving immune-stimulants or suppressants were excluded. Blood and saliva samples were obtained immediately preoperatively and at the 1 st follow-up visit, planned within 3 months postoperatively. The patients had a history of symptoms suggestive of upper airway obstruction for at least 3 months duration. The patients were clinically reviewed at one year to check the frequency of febrile illness, the mean duration of missed school days, the frequency of visits to the doctor's office, the frequency of antibiotic uptake, any change in the severity or frequency of existing allergic rhinitis symptoms (or emergence of new ones), and the emergence of any chronic diseases.
Surgery
Microdebrider-Assisted Partial Tonsillectomy
With the patient under general anesthesia and using the microdebrider (XPS, Xomed, Medtronic, Jacksonville, Fl) at a speed of 1500 rpm, each tonsil was shaved in layers from medial to lateral along the length of the tonsil. All tonsillar tissue protruding beyond the pillars was removed, leaving a smooth surface overlying the intact capsule. Hemostasis was achieved using suction-cautery at 17 -20 Watts.
Electrocautery-Assisted Total Tonsillectomy
Using the same positioning and exposure, dissection was performed in the plane separating the tonsillar capsule from the pharyngeal muscle using a combination of blunt dissection and electrocautery at a power of 13 -15 Watts until the tonsil was completely removed with its capsule. Hemostasis was achieved using suction-cautery at 17 -20 Watts.
Samples
Saliva
Saliva samples were collected by suction from the oral cavity intra-operatively before starting the surgery and by simple drooling on follow-up. The saliva was collected in sterile tubes and centrifuged at 3500 rpm for 23 minutes and stored in micro-centrifuge tubes at -70°C. The SIgA concentration was measured using an indirect enzyme immunoassay kit (Salimetrics Inc, State College, PA).
Saliva samples were thawed completely, vortexed, and centrifuged at 3000 rpm for 15 minutes. Five microcentrifuge tubes were labeled 2 to 6, and 30 µL of 1x SIgA diluent in tubes were pipetted in the tubes. A SIgA standard was diluted three times by adding 15 µL of the 600µg/mL standard (tube 1) to tube 2. Fifteen µL were transferred from tube 2 to tube 3, and so on for tubes 4, 5, and 6. The final concentrations of standards for tubes 1 to 6 were respectively 600µg/mL, 200µg/mL, 66.7µg/mL, 22.2µg/mL, 7.4µg/mL, and 2.5µg/mL. Saliva samples were diluted five times by adding 100µL of 1x SSIgA diluent to 25 µL of each saliva sample.
Five mL sterile tubes were labeled for each standard, control, unknown sample, and one tube for the zero value. Four mL of 1x SIgA diluent was added to each tube. And 10µL of standard, control, or unknown diluted saliva samples were added to the appropriate tube. Ten µL of 1x SIgA diluent was added to the zero tube.
The antibody-enzyme conjugate was diluted 1: 120 by adding 25 µL of the conjugate to the 3 mL of 1x SIgA diluent. Fifty µL of the diluted antibody-enzyme conjugate was added to all tubes. The tubes were mixed by inversion and incubated for 90 minutes at room temperature. After incubation, the tubes were mixed again by inversion and 50 µL of each tube was pipetted in the wells of the micro-titer plate in duplicates. Fifty µL of 1x SIgA diluent were added to two wells for the determination of the diluent optical density (OD). The plates were covered with an adhesive plate sealer and incubated at room temperature with continual mixing for 90 minutes. The plates were then washed 6 times with 1x wash buffer. After each wash, the plates were thoroughly blotted on paper towels. Fifty µL of Tetramethylbenzidine solution was added to each well and mixed by tapping for 5 minutes. The plates were then incubated in the dark at room temperature for an additional 40 minutes.
Fifty µL of stop solution was then added and mixed by tapping until the wells turned yellow. The OD's of the wells were read on ELX-800 plate reader (NIO-TEK instruments, VT, U.S.A) at 450 nm, within 10 minutes of adding stop solution. The average OD was computed for all duplicate wells. The average OD for the diluent OD wells was subtracted from the average OD of the zero, standards, controls and unknowns. The percent bound was calculated for all samples, and concentrations were determined from the standard curve of absorption versus concentration. The unknowns' concentrations were multiplied by five to account for the dilution. Results were reported in µg/mL. 
Statistical Analysis
Paired t-test was used to determine the significance of differences between pre-and post-tonsillectomy mean serum Ig and SSIgA concentrations of both partial and total tonsillectomy. P values less than 0.050 were regarded as significant.
Literature Review
A systematic review of the English literature was performed using Medline, Embase and Cochrane. We used the terms tonsillar reduction, tonsillotomy, intracapsular tonsillectomy, tonsillectomy, adenotonsillectomy, humoral immunity, immune system, immunity to look for pertinent studies. We included all articles that studied the humoral immunity whether alone or in combination with other aspects of the immune system (i.e. cellular immunity); however, only the humoral aspect of the paper was analyzed. We excluded duplicate publications, reviews and studies that did not include actual measurements of the humoral immune system (e.g. using only questionnaires).
Results
Pilot Study
Twenty six patients were enrolled; however, only 19 patients, aged 3 to 10 years (mean of 5.11 years, median 4 years) completed the study. The other 7 patients had only postoperative saliva samples available and thus were excluded from the study. There were no statistically significant changes in serum Ig levels after partial or total tonsillectomy (Table 1) , except for IgM which significantly increased after partial tonsillectomy (P = 0.018), mainly in males (P = 0.040), and in those aged 5 years and older (P = 0.022).
There was a statistically nonsignificant decrease in the SSIgA level after both partial (172.35 to 111.54 µg/mL) and total (98.39 to 89.90 µg/mL) tonsillectomy (normal value: 17.1 -93.1 µg/mL). The decrease was relatively greater after partial tonsillectomy. Postoperatively, the SSIgA level remained higher than normal limits in the partial while it became normal in the total tonsillectomy group. At one year follow-up, there was a noticeable decrease in the susceptibility to infections as reflected by a significant decrease in frequency of febrile illness (67% decrease in partial, 71% in total), in frequency of visits to the doctor's office (86% decrease in partial, 79% in total), in frequency of antibiotics' intake (97% decrease in partial, 96% in total) ( Figure 1 ). There was also significant drop in the duration of febrile illness (61% decrease in partial, 60% in total), and in frequency of absenting from school (96% decrease in partial, 93% in total) ( Figure 2 ). No patient developed new allergies or a chronic disease. 
Systematic Literature Review
We could identify 30 studies that assessed the changes in the humoral immune system in patients undergoing tonsillectomy. The literature has focused mainly on total tonsillectomy and often mixed data regarding patients with tonsillitis and enlarged tonsils in the assessment of results. Four studies involving 406 patients showed a decrease in some elements of the humoral immunity or suspected a negative impact of tonsillectomy on the immune system (Table 2 ) (2-5); while 26 studies, including 1796 patients, showed no negative effect (Table 3 ) (6-31).
Discussion
The role of the palatine tonsils in the immune system and the immunological sequalae of tonsillectomy in children have long been a source of debate among physicians and a continuous concern for the parents.
No doubt that the tonsils have an important role in the immune defense mechanism of the upper aero-digestive tract. In fact, the memory B cells in the crypt epithelium play an important role in generating a rapid secondary immune response. They have a strong antigen presenting ability enabling them to activate memory T helper cells in the crypt epithelium rapidly (32) .
Moreover, the tonsils are connected to the body immune system through trafficking of immune cells. The naive T and B cells are transported into the tonsils via the high endothelial venules present in the extrafollicular regions. While plasmablasts migrate from the tonsils via efferent lymphatic vessels, drain in cervical lymph nodes, join circulation and then disseminate preferentially to upper airway mucosa, regional exocrine glands including lacrimal and salivary glands and to a lesser extent to the gut mucosa (32) .
However, does that mean that tonsillectomy is harmful to the immune system and tonsillar reduction is protective? In the present study, that was not demonstrated. In both types of surgeries, the mean serum Ig levels were within normal limits both pre-and postoperatively. The changes, except for IgM, were nonsignificant. Even the significant changes in IgM levels after partial tonsillectomy were within normal limits. The prominence of these significant changes among males, and in patients 5 years and older, is interesting and worth investigating in a larger scale study, to disclose its significance. This most probably represent a kind of readjustment after surgery. We have compared our serum Ig levels to the normal range used in our laboratory and to published values stratified per age and sex.
The SSIgA levels have been shown to increase with age, yet not in a significantly incremental way. A study by Nagao et al. showed that there was no statistical difference among levels detected between the age of 1 and 6 years and similarly among levels detected between the age of 7 and 12 years (33). Thus, the values could be grouped into 1 -6 and 7 -12 categories. Our mean age in both groups fell in the 1st range, where comparison was done. The high mean values encountered in our study reflected the active role of tonsils in producing SSIgA. However, the normalization of preoperatively low SSIgA values (in some patients) after operating on the tonsils could not be explained (Table 4) .
Both partial and total tonsillectomies were effective in decreasing the frequency of febrile illness, and eventually the rate of visits to the doctor's office or the need for antibiotics' intake, indicating a significant improvement in the children's quality of life.
The reviewed literature is controversial about the effect of tonsillectomy on the humoral immune system. Of the 30 studies identified to have assessed the humoral immunity, only 4 showed a decrease in some elements of the humoral immune system or suspected a negative impact of tonsillectomy on it. One of the first studies dates back to 1971, when Ogra (2) noticed that the production of IgA in response to administering live attenuated polio vaccine in the nasopharynx was decreased in tonsillectomized patients, raising concerns regarding effect of tonsillectomy on the humoral immune system. Six years later, Ostergaard PA (3) looked at the serum Ig's and SIgA 2.5 years after tonsillectomy. Though there was no significant change in SIgA and serum IgE, the serum IgA, G and M decreased significantly. However, this was not translated clinically in most of the patients in terms of recurrent infections. There was no definite conclusion regarding the real reason behind that drop in serum Ig's.
In 1982, D'Amelio et al. (4) found that the serum IgA was significantly lower in tonsillectomized patients compared to controls. However, there were no preoperative values to compare with. That deficiency was well recognized by the authors admitting that no definite conclusions regarding serum IgA deficiency in tonsillectomized subjects may be drawn. It is worth noting that the patients were adolescent and young adults with age ranging from 16 to 24 years.
On the other hand, Cantani et al. (5) suggested to perform tonsillectomy only when strict clinical indications are accompanied by normal results of serum Ig's and SIgA levels. That was based on the observation that tonsillectomy does significantly decrease the serum Ig and SIgA levels, compared to preoperative values, 1 -4 months postoperatively. However, these results reflect early changes in the humoral immunity and longer follow-up is needed to show if that negative effect is long standing or just transient. It is not clear if the postoperative values were lower than the age matched normal values in the lab.
Our results agree with those of the 26 studies that showed no negative influence of tonsillectomy on the immune system. These studies were more comprehensive in terms of the variety of immune factors studied compared to the above four mentioned ones. It is worth noting that no study beyond 1986 found a negative impact of tonsillectomy on the humoral immune system. Could the type of lab technology play a role in the various studies' findings? It is a question worth answering by the experts in lab testing procedures.
Looking at all the reviewed studies, we suggest the following for future studies on this subject: -To stratify patients according to age group < 5 years old vs. > 5 years old -To compare both the preoperative and postoperative levels to a control group and specify if they are normal or not.
-Not to mix tonsillitis (representing a continuous antigenic stimulus) with tonsillar hypertrophy cases.
Conclusion
Partial tonsillectomy does not seem to offer an immunological advantage over total tonsillectomy. The ob-J Pediatr Rev. 2016; 4(2):e6214. 5 tained results are preliminary and larger studies and longer follow-ups of the Ig's and SIgA levels are needed to confirm these findings. The literature does not imply consistently a negative effect of tonsillectomy on the humoral immune system. There is no current evidence that the observed drop in some elements of the humoral immunity is affecting the clinical course of the affected patients. All the parameters studied were found to be normal. 
Footnotes
Conflicts of Interest
5) El
